The studies were carried out in six humic lakes (Polesie Region, Eastern Poland) in order to present a role of phytoplankton in relation to physical and chemical parameters characteristic of particular processes. On the basis of physical and chemical properties of waters (SD, colour, pH, EC, Ca 2+ , DIC, DOC), these lakes are divided into three groups: dystrophic (Lakes Orchowe and Płotycze), humoeutrophic (Lakes Brudzieniec and Pereszpa) and mesoeutrophic (Lakes Moszne and Długie). The occurrence of dystrophication, humoeutrophication or eutrophication processes is clearly reflected in the phytoplankton composition and its abundance, as well as its biomass. In both dystrophic and humoeutrophic lakes, flagellates dominated in the phytoplankton. Among them, the invasive species Gonyostomum semen was very abundant. Mesoeutrophic lakes were characterized by other phytoplankton composition, mainly by non-flagellate species (green algae).
INTRODUCTION
Shallow and deep lakes with brown-coloured water are located in the area of both peat bog and peatbog-forest catchment basins. These lakes are characterized by great variation of physicochemical water properties, in particular: reaction, conductivity, total phosphorus, total nitrogen, total organic carbon and intensity of the water colour (Holopainen et al. 2003 , Willén 2003 , Górniak 2006 . Diversity of morphometric features and physicochemical water properties of these lakes brings about great variability in taxonomic structure of the planktonic algae community, including dominant species and quantitative diversity of planktonic algae (their biomass, count and chlorophyll a concentration) (Reynolds 1984) . The lakes with coloured (yellow or yellow-brown) water resulting from the supply of humic substances from the catchment area were formerly called dystrophic lakes (Arvola 1983) . These lakes were characterized by small biomass of algae, poor taxonomical biodiversity, low reaction level, low water transparency and increased contribution of dissolved organic forms of carbon (DOC) in relation to dissolved inorganic forms (DIC) (Jones 1992 , Górniak et al. 2003 . HDI (Hydrochemical Dystrophic Index) proposed by Górniak (1996) provides information about the degree of water dystrophication.
Nevertheless, brown-water lakes often have neutral or slightly alkaline reaction, affluence of biogenic substances available for phytoplankton and great quantity (biomass) of algae. Lakes with these characteristics are known as humoeutrophic (Górniak 1996) .
The southern part of the Polesie Lubelskie Region covers the area of the Łęczna-Włodawa Lake District. Brown-water lakes are situated within the forest and forest-peatbog catchment areas. They are small, shallow and usually fertile. With regard to physicochemical parameters of waters, these lakes present a type of reservoirs similar to Scandinavian lakes (Willén 2003) . Based on hydrogeological features of the Łęczna-Włodawa Lake District and especially the contact of subterranean waters supplying the peat bogs and lakes with chalk formations, the typology of lakes is still difficult to determine. In the 1950s Wiszniewski (1953) drew attention to the specificity and difficulty in defining the typology of these lakes. The last half a century is characterized by significant modifications of the hydrological relations in the area, including land reclamation, which causes drainage of peatlands, as well as the influence exerted by drained areas on the lakes.
Humic-eutrophic lakes provide favourable growth conditions for flagellates, which can turn from autotrophy to heterotrophy in the conditions of hindered photosynthesis (Jones 1988 (Jones , 1992 . Apart from different flagellates, raphidophyte Gonyostomum semen is often occurring in this kind of lakes. The first records concerning the occurrence of this taxon in European lakes date from 1894 (Levander 1894 in Lepistö et al. 1994) . The mass development of the alga has been observed starting as early as in the 1950s. At first, the phenomenon of mass development of G. semen was observed in Scandinavian countries (Sörensen 1954 cited by Lepistö et al. 1994 , Lepistö et al. 1994 . At present, the range of this species is expansively extending and spreading in different countries, including Poland, where it was recorded for the first time in dystrophic lakes in the Wigierski National Park (Hutorowicz et al. 1992) . This taxon also spreads in lobelia lakes in the region of Chojnice and Bytów, as well as in the northern part of the Wielkopolska region (Szeląg-Wasielewska, Gołdyn 1994; Gąbka, Owsianny 2006) . The mass growth of G. semen within the Łęczna-Włodawa Lake District was recorded for the first time in 1997 by Pęczuła (2007) in Lake Płotycze (the Sobibór Landscape Park). Since then, the presence of G. semen in Łęczna-Włodawa lakes was observed several times (Wojciechowska, Solis 2009 ).
The aim of these studies was to emphasize the importance of phytoplankton structure and physicochemical properties of water in the assessment of dystrophic or eutrophic processes taking place in humic lakes. The attention was also paid to Gonyostomum semen, a species occurring expansively in the area.
MATERIALS AND METHODS
Eleven lakes with brown-coloured water are situated in the area of the Łęczna-Włodawa Lake District. These lakes are characterized as dystrophic or eutrophic-dystrophic (Radwan, Kornijów 1998) . Among them, six lakes were studied and their location and basic morphometric properties are demonstrated in Figure 1 .
Four lakes 23º34'27", 23º36'59", 23º36'41", 23º34 '07") are nature reserves, and they are situated in the Sobibór Landscape Park (SLP). The area of SLP is characterized by numerous swamps and peat bogs, mainly fens and transition mires, occurring among forests (Wawer, Urban 1999) . These peat bogs are partly drained due to land reclamation carried out in the area (a network of drainage ditches). In the last half a century, there has been a distinct increase in the forest area in SLP (even tenfold). In the case of the studied lakes in SLP, the forest catchment area constituted 70 -90% (Fig. 1) .
Two lakes (Moszne -51º27'27"N, 23º07'14" and Długie -51º29'19"N, 23º10'35") are located within the area of the Poleski National Park -PNP ( Fig. 1 ) and within their catchment area, extensive peat bogs occur (raised bogs and transition mires), which are drained to a great extent. Raised bogs and transition mires, surrounding Lakes Moszne and Długie, were periodically supplied by ground waters deposited on the chalk floor. Additionally, the water, which is rich in calcium carbonate, caused the increase of water reaction in the peat bogs and even alkalization of the lake waters (Michalczyk et al. 2002) .
The research was carried out in the period JuneAugust 2008. Due to the small depth of the lakes, water samples were taken from the middle part of a lake, from the surface to the bottom, and next, samples were poured together into one collective sample. Two subsamples were taken for chemical (0.5 dm 3 ) and phytoplankton (0.1 dm 3 ) analyses. For phytoplankton analysis, a subsample was fixed with a solution of iodine and formaldehyde.
Immediately in the field, water transparency (Secchi disc -SD), pH and EC were measured. The carbon forms (DIC, DOC) were determined using the Shimadzu TOC-5050A carbon analyzer, while the concentration of Ca was determined by means of flame atomic absorption. Chemical analyses of TP were done spectrophotometrically according to the methods described by Hermanowicz et al. (1999) .
In the filtered water (Whatman GF/C), the measurement of absorbance at 440 nm wavelengths was carried out in order to calculate the water colour in the mg dm -3 Pt units (Lean 1998) .
Chlorophyll a concentration was determined spectrophotometrically according to the method of Nusch (1980) . The count of phytoplankton was evaluated with the Utermöhl method using a settle chamber and an inverted microscope (Vollenweider 1969) .
Trophic status of the lakes was defined based on the calculated TSI index (Carlson 1977) . The degree Fig. 1 . Location of the studied lakes and their morphometric properties, trophy and the catchment (Furtak et al.1998 , Radwan, Kornijów 1998 of water dystrophication was determined based on the HDI values and it is calculated based on EC, the ratio DOC:DIC and pH values according to the following formula (Górniak 2006 
RESULTS
With respect to the analysed physicochemical parameters, the studied lakes may be divided into three groups. One group includes Lake Orchowe and Lake Płotycze, the second group comprises Lake Brudzieniec and Lake Pereszpa, and the third oneLake Moszne and Lake Długie in PNP.
The highest water dystrophication was characteristic of Lake Orchowe and Lake Płotycze, which had water colour values >170 mg dm -3 Pt, low conductivity values (EC <70 µS cm -1 ), as well as low content of calcium (≤12 mg dm -3 ). The DOC amount was several times higher than the DIC amount (Table 1) , and values of HDI indices -47 and 67 respectively (Table 1 ) -confirmed the dystrophic character of these two lakes. The water reaction (pH 7.9 -8.3), however, was not typical of dystrophic waters.
In the case of Lake Brudzieniec and Lake Pereszpa, values of chemical parameters indicated their ambiguous ecological character. Waters of these lakes were characterized by high water colour (236 -267 mg dm -3 Pt) and 3-4-fold higher concentrations of DOC in relation to DIC (Table 1) . Their waters are more enriched with dissolved substances (EC >100 µS cm -1 ), contain quite high amounts of calcium (18.2 mg dm -3 in Lake Pereszpa and 26.4 mg dm -3 in Lake Brudzieniec) and are more alkalized (pH ≥8) (Table 1) . Lower values of the HDI index (<50) may indicate an inconsiderable role of the dystrophication process in the development of physicochemical properties of their waters. The physicochemical parameters indicated intermediate characteristics between dystrophic and eutrophic (harmonic) lakes.
Lakes Moszne and Długie were completely different from the aforementioned lakes. Due to the development of abundant submerged vegetation, these lakes might be classified as macrophytesdominated lakes. Their waters were characterized by very low water colour values (30 -40 mg dm -3 Pt), the highest concentration of Ca ions, lower DOC amounts and relatively high contribution of DIC (Table 1) . With the lowest HDI values among the studied lakes (26 in Lake Moszne and 20 in Lake Długie) and alkaline water reaction (pH = 7.4 -9.1), they are not classified within the group of dystrophic lakes and in spite of their location within the forestpeatbog catchment area, they have features of harmonic lakes.
The chemical properties of the water, in particular the water colour, significantly modified the abundance and composition of phytoplankton. Based on these biological parameters, the studied lakes may be divided into two groups. The first one comprises the lakes situated in the eastern part of the Łęczna-Włodawa Lake District (SLP) and the other onethe lakes situated within the Poleski National Park.
In four lakes situated in the SLP area, planktonic algae occurred in quite large numbers (values of the count ranged from 2.0 to 8.5 × 10 6 indiv. dm -3 ) and chlorophyll a concentration -from 53 to 92 µg dm -3 ( Table 2 ). The eutrophic character of these lakes was confirmed by the trophic Carlson index (TSI), which is calculated based on chlorophyll a concentration and the total phosphorus amount. Values of this index amounted to 68 in all studied lakes (Table 2) .
Also the structure of phytoplankton confirmed the trophic status of the lakes. Flagellates significantly contributed to the total phytoplankton of these lakes. These organisms, as mixotrophs, turn to heterotrophy under conditions of hindered photosynthesis (in connection with brown water colour). In three lakes, flagellates constituted more than 60% of the total count of phytoplankton, only in Lake Brudzieniec it was about 40% (Fig. 2) .
In the group of flagellates, the species Gonyostomum semen (class Raphidophyceae) was very abundant. This taxon prefers coloured and fertile waters. Among the group of flagellates, species of Rhodomonas and Cryptomonas, e.g. Rhodomonas pusilla were also abundant ( Table 2) . Species of the aforementioned taxa can function as phototrophic organisms in conditions of low light intensity or they are mixotrophic.
In all lakes, excluding Lake Brudzieniec, the percentage of taxonomic phytoplankton groups in the total count (Fig. 3) indicates that the count of species from different taxonomic groups (excluding Table 2 Fertility of the lakes, phytoplankton abundance and the content of phosphorus and nitrogen compounds in waters. Raphidiophyceae and Cryptophyceae) was small. In the case of Lake Brudzieniec, diatoms were abundant (nearly 40%) with dominant species from the genus Aulacoseira (Fig. 3, Table 2 ). In Lake Orchowe, blue green algae constituted ca. 20% in the total count of phytoplankton, with the most numerous species Aphanocapsa planctonica. Green algae from the order Chlorococcales constituted less than 10%, e.g. Monoraphidium tortile and the representatives of Scenedesmus genus.
A different structure of phytoplankton and its quantity were recorded in two lakes situated in the Poleski National Park. The concentration of chlorophyll a was 11 -12 µg dm -3 and the total count ranged from 2.2 to 4.9 × 10 6 indiv. dm -3 (Table 2) . Mesoeutrophic character of these lakes was also confirmed by TSI values ( Table 2) .
The count of flagellates constituted only between 5% and 32% in Lake Moszne and Lake Długie, respectively (Fig. 2) , with the most numerous species Rhodomonas minuta. In both lakes, however, green algae were the dominant group of phytoplankton. Numerous occurrences of species from the genera of Scenedesmus, Tetraedron and Monoraphidium determined the high contribution of chlorophytes in the total count of phytoplankton. Cyanobacteria and diatoms were less numerous (less than 20%). Among blue green algae, the most numerous were Aphanothece clathrata and species from the genus of Chroococcus. In the case of diatoms, Fragilaria ulna was the dominant species; it was particularly numerous in Lake Moszne.
DISCUSSION
Humic lakes of the Łęczna-Włodawa Lake District have been always characterized as reservoirs with equivocal typological features. Some of the studied lakes are consistently defined as dystrophic (Płotycze, Moszne, Długie), others as eutrophic (Orchowe and Pereszpa) and eutrophic-dystrophic (Brudzieniec) (Radwan and Kornijów 1998) . Since many years, typology of these lakes has been causing troubles.
Lakes of SLP have water reaction close to neutral or alkaline. According to studies from the 1960s, it ranged around 7.0 -7.8. It decreased to 6.2 only periodically and it was not higher in the lakes of PNP, but it wasn't higher than 8 (Radwan et al. 1971; Radwan, Kornijów 1998) .
Since the 1980s, slow alkalization was recorded in all the lakes. The research performed in 2008 confirm alkaline (pH = 8.3 -8.6 ) reaction of the water in the lakes of SLP (Wojciechowska, Solis 2009 ). Alkalization of the water was also recorded in the dystrophic lakes (Górniak et al. 1999) . The amount of Ca 2+ in the water is closely connected with water reaction. The studied lakes were always characterized by high concentration of this ion, e.g. in 1968 in SLP lakes, the amount of Ca 2+ was 28 -29 mg dm -3 (Radwan et al. 1971 ) and in PNP lakes, the amount of Ca 2+ amounted to 40 mg dm -3 in 1990-91. All the studied lakes, except for Orchowe (lack of data), were characterized by a high content of Ca in the water, from 22.5 mg dm -3 in Lake Płotycze to 57.6 mg dm -3 in Lake Pereszpa, also in the period 1993 -1996 (Dawidek 1998 .
Chemical properties of the studied lakes were undoubtedly connected with geology of the Polesie Region (chalk base). They were also connected with changes in hydrological conditions that brought about a supply of ground waters rich in Ca ions to lakes and peat bogs (Michalczyk et al. 1995) . Alkalization of waters in humic lakes caused their eutrophication (Górniak 1996) . High Chlorophyll a concentration or massive occurrence of submerged macrophytes nearly over the entire area of Lakes Moszne and Długie, confirmed this process in the studied lakes. At present, Lakes Moszne and Długie have very distinctive properties, typical of harmonic succession (meso-and eutrophy), even though they were classified as dystrophic (Radwan, Kornijów 1998) .
Physicochemical properties of lake waters are reflected in the phytoplankton composition in the studied lakes. In SLP lakes, which have brown water, flagellates were the main components, mainly the raphidophyte G. semen. Similar composition was observed during the summer period in humic lakes situated in forests of southern Sweden. Phytoplankton was then quickly dominated by this taxon (Willén 2003) . High contribution of G. semen, brown colour of water and low pH are often defined as stress factors influencing the qualitative and quantitative structure of a phytoplankton community (Willén 2003) . In such lakes, species richness is low and often one species dominates (Cronberg et al. 1988 , Holopainen et al. 2003 . In the studied lakes, species richness was also low. It was 20 -50 taxa per sample. G. semen prefers pH <7 (Cronberg et al. 1988 , Hongve et al. 1988 , Korneva 2000 . According to Kato (1991) (cit. Laugaste and Nõges 2002) , this taxon does not dominate at pH >8. However, in the studied lakes, pH was close to or higher than 8, and G. semen had high biomass confirmed by very high chlorophyll a concentration.
From a quantitative aspect, cryptophytes were the second group of flagellates in SLP lakes. They are characterized as taxa, which similarly as G. semen, occurred abundantly in lakes with brown water and with the increased nutrient concentration (Hutorowicz et al. 2006 , Willén 2003 . Domination of species from the genera Cryptomonas and Rhodomonas was observed during the whole vegetation season in Pieni Hietajarvi -a humic lake situated in forest of eastern Finland (Holopainen et al. 2003) .
In Lakes Moszne and Długie, species composition was quite different. Small green algae, typical of meso-and eutrophic lakes, predominate in phytoplankton (Rosén 1981 , Reynolds 1984 . They did not occur in large numbers, which could result from abundant occurrence of submerged macrophytes. The use of nutrients and the domination of either macrophytes or phytoplankton is a well identified phenomenon (Scheffer 1989; Bayley, Prater 2003; Brönmark, Hansson 2005; Blindow et al. 2006) .
The inflow of humic substances to lakes brings about dystrophication, humoeutrophication or eutrophication of waters. This is confirmed by physical and chemical properties of waters. The occurrence of one of these processes is also clearly reflected in the phytoplankton composition, as well as its count and the biomass.
